The high prevalence of stunting is influenced by nutritional intake. Iodine is an important micronutrient for growth. Bengkulu City is located along coastal area, hence it has potentially high iodine food sources. However, stunting prevalence was still high. This was a cross-sectional study conducted from March to July 2016 which aimed to determine the relationship between iodine consumption and linear growth of children under five years old in Malabero coastal area of Bengkulu City. The population were children aged 2-5 years old with a sample of 73 children. Measurement of linear growth was based on AHZ index using microtoice with capacity of 200 cm and accuracy of 0.1 cm. Iodine intake was measured based on semiquantitative Food Frequency Questionnaire (FFQ). The results showed that 71.2% of children under five years old did not had sufficient iodine consumption with average percentage of iodine sufficiency 47.7% ± 0.456. There were 53.5% of children under five years old who experienced stunting. Low iodine consumption was shown to be associated with stunting. There were 73.1% children under five years old with insufficient iodine intake who were stunted while only 4.8% children under five years old with sufficient iodine intake who were stunted.
Introduction
Children under five years old undergoes rapid growth and development. It is a golden period or critical period which determine their quality of life. Growth and development disorders in this age group could cause lost generation problem (Welasasih & Wirjatmadi, 2012) . One of growth disorder problem in children under five years old is linear growth disorder (stunting). Stunting or short stature is a linear growth disorder which is extensively used to measure individual or public nutritional status. United States National Center of Health Statistics (NCHS) defined malnutrition as linear Weight (LBW), maternal education, maternal knowledge regarding malnutrition, and family type (Mardani, 2015) , infectious disease and family economy & social status (Pacheco et al., 2017) , health education (Kartini et al., 2016) . However, the direct cause of stunting was insufficient consumption of macro-and micronutrients in growth period which disturb child's growth process and cause stunting (Mikhail et al, 2013) . Beside nutrition consumption factor, child body need nutrient to grow and develop which include calorie source, carbohydrate, protein, fat, mineral, and vitamin. One of the most important mineral in child's linear growth is iodine.
Iodine is a micronutrient needed in thyroid hormone synthesis. Iodine deficiency cause decrease in thyroid hormone production which cause Iodine Deficiency Disorder (IDD). The most IDD prone groups are pregnant mother, lactating mother, and children (Kementerian Kesehatan RI, 2017) . Iodine is important for mental and physical development and to maintain body immune system. Chronic iodine deficiency disturbs central nervous system and brain function (Shazia et al, 2012) . Iodine deficiency is the main preventable cause of brain damage (Hetzel, 2015) .
The recommended iodine intake for children under two years old is 90 mg per day (Andersson et al., 2007) . Although body iodine requirement is very low, this nutrient is very needed. Iodine deficiency could cause several condition such as goiter, stillbirth, abortion, hypothyroidism, and development disorder (Andersson et al., 2005) . Iodine is present in almost all body tissue and it is found in high amount in thyroid gland, breast, abdomen, liver, lung, heart, adrenal gland, and ovary. Thyroid gland synthesized thyroxine and triiodothyronine hormones. These hormones are important to maintain body metabolism and brain development (Shazia, 2012) . WHO recommends that prevention of brain damage and thyroid function disorder in children because of iodine deficiency should started during pregnancy, lactating period, and the first two years of life (Andersson et al., 2005) .
Report of 2013 Basic Health Research showed that prevalence of IDD in Indonesia reached 11.1% (Kementerian Kesehatan RI, old with short stature in 2012. If the trend is allowed to continue, it is projected to become 127 million in 2025. Around 56% stunted children lived in Asia and 36% lived in Africa. The percentage of children under five years old with short stature nutritional status (short and very short) in Indonesia in 2013 was 37.2%. When compared to the percentage in 2010 (35.6%) and 2007 (36.8%), the number did not show significant decrease/improvement. The highest percentage in 2013 were in East Nusa Tenggara Province (51.7%), West Sulawesi Province (48.0%), and West Nusa Tenggara Province (45.3%), while the lowest percentage were in Riau Islands Province (26.3%), Yogyakarta Special Region (27.2%), and Jakarta Special Capital Region (27.5%) (Kementerian Kesehatan RI, 2017).
WHO stated that the prevalence of children under five years old with short stature would become public health problem when the prevalence reaches 20% or more (WHO, 2010) . According to that standard, the prevalence of children under five years old with short stature in Indonesia is still high and considered as health problem that must be managed. The result of Nutrition Status Monitoring (2016) conducted by Kementerian Kesehatan RI found that 29% of children under five years old in Indonesia was categorized as short with the highest percentage in East Nusa Tenggara Province and West Sulawesi Province (Kementerian Kesehatan RI, 2017) . When compared to several neighboring countries, the prevalence of children under five years old with short stature in Indonesia is higher compared to Myanmar (35%), Vietnam (23%), Malaysia (17%), Thailand (16%), and Singapore (4%). Global Nutrition Report of 2014 showed that Indonesia was included in 17 countries from 117 countries, which had three nutritional status in children under five years old, namely stunting, wasting, and overweight (Kementerian Kesehatan RI, 2017). Prevalence of short stature in children between 0-59 months old in Bengkulu Province was 23.9%. This number showed that children under five years old in Bengkulu Province experienced chronic nutrition problem (prevalence>20%) (Kementerian Kesehatan RI, 2017).
Numerous studies found that the risk factors for stunting are history of Low Birth 2017). Survey of iodinized salt monitoring in Bengkulu Province in 2008 reported that out of 972 villages, 57.6% had good iodinized salt utilization, while in Bengkulu City there were 87.7% villages with good iodinized salt utilization. However, the survey result in work area of Pasar Ikan Public Health Center showed that only 25% villages had good iodinized salt utilization (Dinas Kesehatan Kota Bengkulu, 2008) .
Bengkulu Province is geograpically located along Sumatera's west coast around 525 km with Enggano Island chain located around 90 nautical miles in Indian Ocean south of Bengkulu Province. Due to its geographical location at coastal area, Bengkulu City has the potential to produce numerous fish, shrimp, and other sea product which are known as good iodine sources. However, the rate of iodine intake in this area is still unknown. From national IDD mapping in 1996/1998, it was found that coastal area had moderate prevalence of goiter. In Maluku coastal area, endemic goiter could also be found. The interesting fact observed are the environmental factors which could cause the difference in IDD prevalence in different areas and the reason of high prevalence of iodine deficiency in coastal area which should show low prevalence (Saidin, 2009) .
The main sources of iodine are food fortified by iodine, such as salt, milk product and bread, or sea food (Leung & Braverman, 2014) . Bengkulu City is surrounded by numerous fish and seafood producing coastal areas. Therefore, it was assumed that iodine consumption was high. However, the prevalence of stunting was still high. Study regarding risk factors of stunting in coastal area according to iodine intake is still limited. This study aimed to understand the iodine consumption among children under five years old in coastal area and its correlation with linear growth.
Methods
This study used cross sectional approach. The study was performed in Malabero coastal area of Bengkulu City which was the working area of Pasar Ikan Public Health Center. The study was conducted from March to July 2016. The independent variable was iodine consumption, measured semiquantitatively using Food Frequency Questionnaire (FFQ) instrument by asking all nutrition materal which were consumed by the children and then it was processed by nutrisurvey. The dependent variable was linear growth of children under five years old which was measured using Z-score of BH/A index with 2005 WHO anthropometric standard. Based from iodine consumption data, the average consumption was calculated and then the data was categorized as low iodine consumption if the intake is <90% according to recommended dietary allowances (RDA) for particular age group. Body height was measured using microtoice with capacity of 200 cm and precosion of 0.1 cm and then Z-score was calculated according to BH/A index accordng to WHO Anthropometry. The population was all children aged 2-5 years old, totaling to 642 children distributed throughout the working area of Pasar Ikan Public Health Center (PHC) Bengkulu City. The sampling unit were children under five years old who met the inclusion criteria, namely did not posses chronic disease and normal birthweight. 73 children between 2-5 years old were acquired through purposive sampling. Analysis unit were mother with children between 2-5 years old. The data were analysed using Chi square, correlation, and linear regression.
Results and Discussion
The result in table 1 showed that 71.2% of children under five years old had less iodine intake than recommended dietary allowances (<90% RDA). The average of iodine consumption was only 102.74 µg or 47.7% RDA with the lowest intake was 45.9 µg or 34% RDA and the highest iodine intake was 144.5 µg or 120.1% RDA. Table 2 showed that distribution of iodine consumption according to gender of children under five years old was homogenous (p value > 0.05) where iodine intake in most of male or female children were below recommended dietary allowances (<90% RDA). This showed that average iodine consumption in children under five years old in Malabero coastal area (working area of Pasar Ikan Public Health Center of Bengkulu City) was low. The average iodine intake was 102.74 µg or 47.7% RDA with lowest intake of 45.9 µg or 34% RDA and highest iodine intake of 144.5 µg or 120.1% RDA. Average body iodine requirement was 1-2 µg/kg body weight and according to RDA, for 1-12 years old age, intake of £120 µg/day/ kg was considered low and sufficient if >120 µg/day/kg body weight per day (Kementerian Kesehatan RI, 2017). The result of the study found that 71.2% of children under five years old with iodine intake less than recommended dietary allowances (<90% RDA). Actually, body iodine requirement is very low. According to Indonesian RDA, iodine requirement according to age groups are 90 µg/day in children between 0-6 months old and 120 µg/day in children between 7-11 months old and 1-7 years old (Kementerian Kesehatan RI, 2017). However, it was found that most of children under five years old in Malabero coastal area in Bengkulu City did not have sufficient iodine intake although Bengkulu City is a coastal area with numerous sea food sources.
According to gender, the result showed that both female (73%) and male (67.6%) children had low iodine intake. Insufficiency of iodine intake can disturb growth because iodine is needed in thyroid hormone production which plays a role in growth process beside Growth Hormone (GH) and Insulin-like Growth Factor (IGF-1). Thyroid hormone regulates body metabolism and is important for most of body organ system. Normal thyroid status is needed (Vonaesch et al., 2017) .
The result on correlation between bone age maturity and prevalence of stunting in elementary school-aged children in farming region in Brebes Regency showed that 42.4% children experienced delay in bone age. Delay in bone age was correlated with prevalence of stunting. Stunting was more prevalent in student with delayed bone age (42.9%) compared to student with normal bone age (5.3%). Chi Square test showed that there was a significant relationship (p=0.001) (Kartini, 2016) . The result of several studies proved that factors which affect IDD were iodine intake deficiency, geographical factor, environmental factors: goitrogenic agent consumption, industrial waste pollution such as lead and mercury, trace element factor, and nutrition factor (energy-protein deficiency and vitamin deficiency) (Saidin, 2009) . Table 3 showed that 53.4% of children under five years old in Malabero coastal area in Bengkulu City experienced linear growth disorder (short and very short according to BH/A index Z score <-2 SD). Average Z score according to BH/A index was -1.09 SD with lowest Z score -3.64 SD and highest Z score 0.21 SD. The result showed very high prevalence of linear growth disorder which must be managed because it showed a very serious problem (WHO, 2010) . The result also showed that Pasar Ikan Community Health Center need to improve their management and plan strategies to manage nutrition problems, especially regarding stunting. This is needed to achieve the primary objective of 2015-2019 Intermediate Term Development Plan, namely to decrease the prevalence of stunting (short and very short) in children under two years old to become 28% (Kementerian Kesehatan RI, 2017). This study was in line with the prevalence of stunting in children under five years old in Bangui coastal area in Sub-Saharan Africa (49%) (Vonaesch et al., 2017) . The high prevalence of stunting in coastal area was correlated poverty among fishermen families and poor environment sanitation. Prevalence of stunting was correlated with living region. A study in slum area in Botswana City showed that children living in fishermen area were significantly affected by wasting, stunting, and underweight (Mahgoup et al., 2006) .
The result in table 4 showed that there were 73.1% of children under five years old with iodine intake <90% RDS who experienced linear growth disorder and there were only 4.8% children with iodine intake ≥90% RDA who experienced linear growth disorder. Statistical analysis using chi square and linear regression showed that there was a correlation between iodine consumption and linear growth of children under five years old in Malabero coastal area, Bengkulu City. The correlation coefficient was 0.73% which showed that there was a strong positive linear relationship between iodine consumption and linear growth.
Stunting is the result of chronic nutrition deficiency which inhibits linear growth. Growth failure could be caused by inadequacy of one or more macro-or micronutrient. People in developing countries usually experience microutrient deficiency in their daily intake (Branca & Ferrari, 2002) . Deficiencies in macronutrients, such as energy sources and protein and micronutrients, particularly in growth stage, could disturb growth process which result in stunting (Mikhail et al, 2013) . Correlation coefficient of 0.73 showed that there was a strong relationship between iodine consumption and linear growth disorder. This was in line with a study by Devi (2012) which found that there was a correlation between iodinized salt utilization and linear growth.
During growth process, iodine is very much needed to help produce triiodothyronine (T3) and tetraiodothyronine (T4) compounds. If the compunds' concentration is low because of inadequate iodine intake, basal metabolic rate would be low, which in turn would disturb growth and development. Iodine is used in thyoxine hormone synthesis. Thyroxine works by increasein the metabolic rate of all cells (Devi, 2012) . Low iodine consumption cause thyroid gland unable to secrete thyroid hormone. Thyroid hormone has very important role in growing baby and children in numerous metabolic processes (protein, carbohydrate, fat) and biological activities of almost all human body organs. Deficiency or excessice concentration of thyroid hormone could disturb numerous metabolic process and physiological activities and influence growth and development of numerous tissues, including nervous system and brain. Fetus and baby with thyroid hormone deficiency could suffer from physical deformity, mental disorder, nervous disorder, and cretinism. Cretinism is mental retardation condition accompanied by mutism, deafness, typical standing posture and gait, hypothyroidism, and short stature (Kementerian Kesehatan RI, 2017; Rohner et al., 2014) . In regions with iodine shortage, low level of thyroid hormone would cause brain development disorder. More severe condition would cause cretinism. Therefore, mental ability of children and adults who lived in the region were low compared to other region (WHO, 2007) .
Low iodine consumption in children under five years old in working area of Pasar Ikan Public Health Center might be followed by low intake of other nutrients such as carbohydrate, protein, and fat, because food which contain high amount of iodine are usually also contain high amount of protein e.g fish, shrimp, oyster, and seaweed. If carbohydrate and fat are not readily available for energy production, thyroxine would cause protein degradation as source of energy. Conversely, if carbohydrate and fat are present in adequate amount and there are excessive amount of amino acids in extracellular fluid, thyroxine would increase the rate of protein synthesis. When thyroid hormone is sufficient, the effect of growth hormone in hypophisis towards growth become significant. The result of study in the coastal area of Palu City, Central Sulawasi Province showed that low protein consumption could increase the probability to acquire IDD by 30.6 times compared to individual without IDD (Patuti et al., 2010) . Bone growth process is very influenced by nutritional status. Optimal bone growth could be accomplished from carbohydrate and fat according to their requirement, and the presence of protein synthesis and normally secreted thyroxine hormone by thyroid gland (Setijowati, 2005) .
Conclusions
Iodine consumption in both male and female children under five years old in Malabero coastal area, Bengkulu City, are categorized as low according to RDA. Although the children lived in coastal area, iodine sufficiency was not guaranteed. This low level of iodine consumption was correlated with linear growth disorder. Statistical analysis showed positive linear pattern which meant that lower iodine intake caused lower Z score of BH/A index.
